Eucalyptus fi bers were modifi ed with N-β(aminoethyl)-γ-aminopropyl trimethoxy silane to research the fi ber surface's changes and the infl uence of the treatment on the mechanical properties, fl ame resistance, thermal conductivity and microstructure of eucalyptus fi ber composite phenolic foams (EFCPFs). The results showed that the partial of hemicelluloses, waxes, lignin and impurities from the fi ber surface were dissolved and removed. Compared with untreated EFCPFs, the mechanical properties of treated EFCPFs were increased dramatically; The size of cells was smaller and the distribution was more uniform; The thermal conductivities were basically reduced; Especially the ratio of mass loss decreased obviously. However limited oxygen indexs (LOIs) reduced. And the mechanical properties and LOIs of EFCPFs were basically decreased with the increase of eucalyptus fi bers. By comprehensive analysis, the results showed that the interfacial compatibility has been signifi cantly improved between eucalyptus fi bers and phenolic resin. And the suitable dosage of eucalyptus fi bers was about 5%.
INTRODUCTION
In recently years, the fi res were frequently occurred in Chinese high-rise building, and caused substantial damages and casualties, which have promoted the higher demand for new environmentally friendly fi re-retarding foam plastics 1 . Phenolic foam, as one of excellent retardant materials that was characterized with low thermal conductivity, excellent fl ame resistance and low generation of toxic gas during combustion, have been widely applied in the fi elds of agriculture, horticulture, architecture, and transportation
2, 3
. However, the intrinsic fragility of PF had severely astricted its applications 4 . Generally, through introducing of fi bers materials(such as glass fi ber), the fragility of PF can be reduced. However, there were many shortcomings including expensive, non-renewable and so on 5, 6 . Because of its excellent performance (renewable, low cost, biodegradability, low density and high specifi c strength)
7-12
, Natural plant fi ber was a current research hotspot in the fi eld of polymer composite materials 13, 14 . Although natural plant fi ber can offer many advantages of the composites, its inherent hydrophilic and incompatibility between natural plant fi bers and polymers which results in poor adhesion. By this token, the hydrophobic and interfacial compatibility can be improved by varies modifi cation methods 15, 16 . Alkaline solution is a well-known method of surface treatment for fi bers, which can change the surface morphology and chemical constituent of fi bers, the interface compatibility and mechanical performance of composite materials can be also improved 17- 19 . As a effi cient coupling agent, Silane contains alkoxy silane and functional groups which can interact with hydrophilic group of natural fi ber surface and hydrophobic polymers, and a bridge can couple together with hydrophilic and hydrophobic materials. Hence, silane can inprove interfacial compatibility between natural fi ber and resin matrix 20, 21 . Nevertheless, these effects on natural fi ber have not been extensively researched in natural plant fi ber composite thermosetting foams, especially natural plant fi ber composite phenolic foams
22-25
. In this paper, eucalyptus fi ber was modifi ed with with N-β(aminoethyl)-γ-aminopropyl trimethoxy silane and alkali, silane coupling agents complex method to investigate the infl uence of these treatments on the properties of eucalyptus fi bers and their composite phenolic foams. Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD) and scanning electron microscope (SEM) of modifi ed eucalyptus fi ber were determined, and the mechanical properties, fragility, fl ame resistance, thermal conductivity and microstructure of eucalyptus fi ber composite phenolic foams (EFCPFs) were measured.
EXPERIMENTAL

Material
Phenol (>99%), formaldehyde (37 mass% aqueous solution), calcium oxide(CaO), hydrochloric acid (36%), phosphoric acid, sodium hydroxide (NaOH), paraformaldehyde (≥95%), polysorbate-80, petroleum ether, p-toluenesulfonic acid, dicumyl peroxide (DCP), N-(2-aminoethyl)-3-aminopropyltrimethoxysilane (KH-792) were commercially products. Eucalyptus fi ber was obtained from Guangxi Fenglin Wood Industry Group Co., Ltd.
Synthesis of phenolic resin
Phenol (400 g), formaldehyde (37 wt%) (100 g) and CaO (0.85 g) were charged into a 1000 ml four- 
Pretreatment method of eucalyptus fi bers
Alkaline treatment. The eucalyptus fi bers were treated with NaOH solution (4 wt%) for 1 h at 25 o C. Then, they were washed with distilled water until the fi bers no longer indicated any alkalinity reaction. Finally, the fi bers were dried for 24 h at 60 o C. Silane treatment. The Alkaline treated and untreated eucalyptus fi bers were treated with silane solution (2 wt% silane, 2 wt% dicumyl peroxide, and the pH was 3.5) for 4 h. Finally, the fi bers were dried for 24 h at 60 o C. The nomenclature for the different fi ber treatments used in this work is resumed in Table 1. T322 thermal conductivity analyzer (Canada C-THERM Company).
RESULTS AND DISCUSSION
Properties of eucalyptus fi bers
FT-IR spectra. Some amounts of the lignin, pectin, hemicellulose, and other impurities on the fi ber surface were dissolved and removed by means of washing with an alkaline solution, making the fi ber surface become rough 26 . There are also many advantages of pretreating the wood fi ber with silane coupling agents. The alkoxy silane groups can react with the -OH rich fi ber surface and ensure a good compatibility between the reinforcing element and the polymer matrix or form even covalent bonds between them 27 . Figure 1 shows the FT-IR spectra of eucalyptus fi bers. The stretching vibration peak (approximately 1730 cm -1 ) can be attributed to C=O stretching of methyl ester and carboxylic acid groups in pectin or the acetyl group in hemicelluloses 26 and disappeared from ASEF, which indicated that a part of pectin and hemicelluloses can be successfully extracted by means of washing with alkaline solution 26 . The absorption peaks (about 1030 cm -1 ) of ASEF and SEF were enhanced, this indicated that -Si-O-Si-bond was introduced on the surface of fi ber 28 . The absorption peaks (about 1730 cm -1 , 1230 cm -1 and 1030 cm -1 ) of SEF were enhanced, which can be explained that the reaction was occurred between the hydrolyzed alkoxy silane and reactive groups on the surface of the fi ber. Thus, ether bridge, -Si-O-Si-and -Si-O-C-bonds were introduced on the surface of fi ber 26, 28, 29 . 
Preparation of EFCPFs
Surfactants(tween-80), curing agents(Hydrochloric acid/phosphoric acid/p-toluene sulfonate/water=8:6:3:3), blowing agents(n-pentane) and eucalyptus fi bers were added into phenolic resin, and rapidly mixed well, then the mixture was poured into a mold. The EFCPFs were obtained after foaming for 40~50 min at 70 o C.
Measurements and characterization
FT-IR Measurements of eucalyptus fibers. FT-IR spectrometer (Nicolet IS10, USA) was used to measure FT-IR spectra with vacuum-dried samples (60 o C, 24 h). X-ray diffraction Measurements of eucalyptus fi ber. All eucalyptus fi bers were characterized crystallization properties using for X-ray diffractometer (Shimadzu 6000 X).
Scanning electron microscopy (SEM) of eucalyptus fi bers and foams. The micro-images of all eucalyptus fi bers and foams were examined using a scanning electron microscope (Hitachi 3400-I).
Mechanical properties measurements of foams. Thermal conductivity test. Thermal conductivities of foams were tested according to ISO-22007-2-2015 using X-ray diffraction spectra. X-ray diffraction spectra of eucalyptus fi bers are shown in Figure 2 . It can be obviously found that a sharp high peak at about 2θ = 22.6 o and a weaker diffraction peak at approximate 2θ = 15.6 o , which could be attributed to (002) and (101) planes 30 . The position of diffraction peaks of eucalyptus fi bers were basically unchanged. This showed that the crystal form of all samples were unchanged, but there was only slightly changed in the intensity of the peaks. This could be interpreted that pectin, waxiness, oil, hemicelluloses and a partial of the impurities and low-molecular weight substances on the surface of fi bers were dissolved and removed by pretreatment with a alkaline solution and silane coupling agent
27
. Therefore, the cellulose was better arrangement, and the crystallinity was slightly increased. Figure 3 is the SEM micrographs of eu calyptus fi bers. The surface of UEF is not neat, and hemicellulose, pectin, lignin, waxy substance and impurities were adhered on the surface 30 . The surface of ASEF was etched and become rough, and those attachments were bascially disappeared from surface of ASEF. The reason could be interpretated that a portion of the impurities, waxes, hemicelluloses and lignin on fi ber surface were dissolved and removed, and the coupling agent groups was introduced on fi ber surface, which is advantageous to improve interfacial compatibility between fi bers and polymer matrix 28 . The surface of SEF was similar to ASEF, this could be also interpretated that a portion of impurities were removed from fi ber surface, and the coupling agent groups was introduced on fi ber surface. the structure of cell wall and the bubble distribution uniformity. the more content of eucalyptus fi bers was, the more negative effects was. Therefore, bending and compression strengths of foams were gradually reduced with the increase of amount of eucalyptus fi ber. Figure  4 and Figure 5 . The bending strengths of ASEFCPF was decreased fi rstly, then increased with the increase of eucalyptus fi bers. Nevertheless, the overall trend of bending and compression strengths were reduced with the dosage of eucalyptus fi bers. Bending and compression strength of ASEFCPF and SEFCPF are basically higher than that of UEFCPF, especially bending strength of ASEFCPF and SEFCPF are more signifi cantly increased. The reason was that the surface structure of ASEF and SEF changed, which was also confi rmed by fi gure 3. The interfacial adhesion was improved between eucalyptus fi bers and phenolic resin, and the crosslinking reaction may occur between eucalyptus fi ber and phenolic resin, hence, the compression and bending strengths of ASEFCPF and SEFCPF were enhanced signifi cantly. Otherwise wit h the dosage of eucalyptus fi bers, the negative effects of fi bers on foams was increased gradually, including fi bers, the overall trend of tensile strength was decreased gradually. On the contrary, the overall trend of breaking elongation rate was increased gradually. The reason can Tensile properties. Tensile properties of EFCPFs are shown in FigureS 6 and 7. compared with UEFCPF, tensile strength and breaking elongation rate of ASEFCPF and SEFCPF were dramaticlly improved. These showed that the interfacial adhesion of ASEF and SEF was signifi cantly improved with phenolic resin, therefore the ability of resistance tensile deformation improved significantly. Nevertheless with increasing dosage of eucalyptus of eucalyptus fi ber. The results showed that there was not positive effect of fi ber treatment on improving fl ame retardancy of composite foams. The reason could be interpreted that on the one hand, eucalyptus fi ber is not fi re-retardant materials, therefore, the more addition of eucalyptus fi bers was, the greater decline of LOI was. On the other hand, and after pretreatment of eucalyptus fi bers, the interfacial adhesion was dramatically improved between eucalyptus fi bers and phenolic resin, the surface of eucalyptus fi bers could be adhered a large number of phenolic resin, produced the wick effect, and promoted combustion of foams. Therefore, the overall trend of LOI was decreased, especially the LOIs of ASEFCPF and SEFCPF reduced more signifi cantly.
SE M microstructure.
be explained that on th e one hand, with increasing contents of eucalyptus fi bers, the negative effects of fi bers on foams was increased gradually, Therefore tensile strength of composite foams were gradually decreased. on the other hand, with increasing amount of eucalyptus fi ber, the odds of crosslinking reaction may be also increased between eucalyptus fi bers and phenolic resin. And the intertwine and other effect may be occurred among fi bers. Therefore, breaking elongation rate of ASEFCPF and SEFCPF were observably increased with increasing dosage of eucalyptus fi bers. Fragility properties. The fragility of foam materials is usually refl ected by the ratio of mass loss. The higher mass loss rate was, the more fragile was. On the contrary, the better toughness was. As showed in fi gure 8. The result indicated that the overall trend of mass loss rate was slightly increased with the dosage of eucalyptus fi ber. This could be interpreted that the negative effects of fi bers on foams was increased gradually with inceasing contents of fi bers, and led to the increase of mass loss rate to some extent. However compared with UEFCPF, the mass loss rate of ASEFCPF and SEFCPF obviously decreased. It further showed that the interfacial compatibility was signifi cantly improved between treated fi bers and phenolic resin.
Combustion performance. As shown in figure 9 , Limited Oxygen Index (LOI) of EFCPFs remained at 34.2~40.6% (more than 27%), thus these foams could be considered as fi re-retardant materials
31
. However, LOI of EFCPFs decreased gradually with increasing dosage Thermal conductivity. Thermal conductivity is one of the most important properties for foams, which can refl ect the quality of insulation performance. The higher the thermal conductivity is, the lower the insulation performance is. As shown in Figure 10 , it could be seen that the thermal conductivities of ASEFCPF and SEFCPF were less than that of UEFCPF. The reason may be explained that after pretreatment of eucalyptus fi bers, the interfacial adhesion was dramatically improved between eucalyptus fi bers and phenolic resin. Compared with UEF, the infl uence of ASEF and SEF on foams' properties was decreased, the cell structure regularity and distribution uniformity of ASEFCPF and SEFCPF were better than that of UEFCPF (Fig. 11) . Hence, thermal conductivities of ASEFCPF and SEFCPF were less than that of UEFCPF.
SEM microstructure. As shown in fi gure 11, there are SEM images (×50) of EFCPFs when the amount of eucalyptus fi ber was 10%. Compared with UEFCF, the cell distribution of ASEFCPF was more regular, the size of cell was smaller and more uniform, and was about 150~250 μm. The bubble cells of SEFCPF was smallest, the cell size of foam was about at 100~200 μm, and the cells were the most uniformly distributed in all of samples. The results showed that the infl uence of ASEF and SEF on the properties of composite foams was less than that of UEF, It also confi rmed that the interfacial adhesion was signifi cantly improved between treated fi bers and phenolic resin once again. dosage of eucalyptus fi bers was not too much, and the suitable content was 5%.
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CONCLUSIONS
The surface of ASEF and SEF was etched and become rough by treated with alkaline solution and silane coupling agent. The diffraction peak positions were basically unchanged, but the crystallinity was slightly increased. Compared with UEFCPF, the mechanical properties of ASEFCPF and SEFCPF were remarkably increased, The fragility and thermal conductivity were observably reduced, the LOIs were also decreased. And the cell distribution were more regular, the size of cell was smaller and more uniform. With increasing dosage of eucalyptus fi bers, the mechanical properties and LOI of composite foam were basically decreased. Comprehensive analysis, the interfacial adhesion was signifi cantly improved between treated fi bers and phenolic resin, especially the effect was better with KH-792 directly processing, and technology was also relatively simple. However the LITERATURE CITED
